Legislation that governs the health and safety of communities near major-hazard installations in South Africa is largely based on existing legislation that had been developed in the United Kingdom and other European Union countries. The latter was developed as a consequence of several major human-induced technological disasters in Europe. The history of the evolution of health-and-safety legislation for the protection of vulnerable communities in European Union (EU) countries, France, Malaysia and the USA is explored through a literature survey. A concise comparison is drawn between EU countries, the USA and South Africa to obtain an exploratory view of whether current South-African legislation represents an optimum model for the protection of the health-and-safety of workers and communities near major-hazard installations. The authors come to the conclusion that South-African legislation needs revision as was done in the UK in 2011. Specific areas in the legislation that need revision are an overlap between occupational health and safety and environmental legislation, appropriate land-use planning for the protection of communities near major-hazard installations, the inclusion of vulnerability studies and the refinement of appropriate decision-making instruments such as risk assessment. This article is the first in a series that forms part of a broader study aimed at the development of an optimised model for the regulatory management of human-induced health and safety risks associated with hazardous installations in South Africa.
Introduction
The society in which we live becomes more complex every day as a result of a multitude of factors such as economic development, wars, terrorist attacks, technological innovation, societal demands for wealth creation and an increased awareness of the impact of human activities on the health and safety of people (Perrow 1999) . Human populations are rapidly growing to extremes where the sustainable utilisation of natural and man-made resources is stretched to the limit. Clarke (2006) summarises this situation as follows:
People are worried, now, about terror and catastrophe in ways that a short time ago would have seemed merely fantastic. Not to say that horror and fear suffuse the culture, but they are in the ascendant. And for good reason. There are possibilities for accident and attack, disease and disaster that would make September 11 seem like a mosquito bite. (p. 2) As one of the consequences of human-induced technological disasters, and focusing on it in this article, the regulation of major-hazard installations near densely populated areas has become more critical in order to limit the human-induced safety risks to which communities are exposed.
A 'major-hazard installation' is defined in the South African Occupational Health and Safety Act (Act 85 of 1993) (LexisNexis Butterworths 2003a) as:
An installation(a) Where more than the prescribed quantity of any substance is or may be kept, whether permanently or temporary;(b) Where any substance is produced, processed, used, handled or stored in such a form and quantity that it has the potential to cause a major incident. (Section 1, Definitions) In the same Act, a 'major incident' is defined Act as ' [a] n occurrence of catastrophic proportions, resulting from the use of plant or machinery, or from activities at a work place'.
The awareness around environmental conservation has grown substantially around the world during the past two decades, most notably in South Africa. However, it would appear that the safety of human communities, as far as the human-induced impact of major-hazard industrial installations are concerned, has not enjoyed the same priority as environmental issues in South Africa. In its State of the Environment Report, the Department of Environmental Affairs and 
Background of the study
This article is the first in a series that forms part of a current broader study aimed at the development of an optimised model for the regulatory management of human-induced health and safety risks associated with major-hazard installations in South Africa. The proposed study aims to provide answers to the following key questions:
• Does the existing regulatory framework for major-hazard installations in South Africa adequately address the safety of the public around such installations through appropriate land-use planning criteria, taking into consideration that current legislation falls within the domain of the Occupational Health and Safety Act with its prime focus on employees? • Under which legislation does the governance of majorhazard installations fall in other countries in the world? Is it classified as environmental or as labour-related legislation? Should the governance of hazardous installations not be consolidated into one set of legislation, governed by a centralised body? • What lessons can South Africa learn from the experience of other countries with regard to a regulatory framework for major-hazard installations? • What factors need to be taken into consideration when an optimised regulatory model for major-hazard installations in South Africa is developed in the interest of employers, employees and the public?
Research methodology
The methodology followed in this paper is based on a dualistic approach:
• Research of the literature was done with specific focus on regulatory regimes for major-hazard installations in South Africa and some overseas countries, how they developed and how they compare with those of South Africa today.
• Discussions were held with key stakeholders in government and industry in South Africa, Namibia and Europe.
Regulatory management in South Africa
Apart from the influences that major disasters had on legislation around the world, we could not find information in the literature on the development of legislative models for the management of health and safety related to major human-induced hazards.
The major industrial disaster that took place in Seveso, Italy, in 1978 shaped industrial safety regulation around the world (Homberger et al. 1979 South Africa is faced with the following options:
• use the latest regulations and guidelines from developed countries such as the United Kingdom to create a regulatory framework for the management of hazardous installations in industry in order to protect, firstly, the health and safety of members of the public and, secondly, workers in the industry • integrate existing legislation that involves major-hazard installations and disasters • ensure that an economic regime is created and maintained in local industry that is conducive to fixed investment, profitability and employment creation. Campbell (2013) further formulates three dimensions for comparing the regulatory management frameworks of South Africa, the USA and the European Union:
• the identification of major-hazard installations • control over major-hazard installations • control of land development in the vicinity of majorhazard installations.
Regulatory management in the United Kingdom
It is important to consider the work done in the UK regarding the development of regulations for major-hazard installations.
The history of health-and-safety regulation in the UK dates back to 1833 when the first factory inspectors were appointed under the Factories Act of 1833. Inspectors were appointed to focus on injuries and to control the work hours of children in the textile industry. In July 1974, the Health and Safety Commission was formed under the Health and Safety at Work Act of 1974. Its responsibilities included the health and safety of people at work, protecting the public generally against health and safety risks, giving advice to local authorities on the enforcement of the Act and assisting persons with duties under the Act. The promotion of ongoing research and the provision of information also formed part of its responsibilities.
The Health and Safety Executive (HSE) was established in January 1975 with the responsibilities of executing the duties of the Health and Safety Commission and enforcing health-and-safety legislation in all workplaces except those regulated by local authorities.
In 2006, the Health and Safety Commission and the Health and Safety Executive merged to form one organisation called the HSE. The HSE is the national regulatory body responsible for promoting better health and safety at work in Great Britain. However, enforcement is shared to a large extent with local authorities in accordance with the Health and Safety (Enforcing Authority) Regulations of 1998. Healthand-safety legislation in the country was shaped to a large extent by evidence gathered from the occurrence of major disasters such as the following:
• The Health and Safety Commission undertook a comprehensive review of the UK's health-and-safety legislation in 1992 to determine whether existing legislation was still relevant and necessary in its then form. The review also aimed to reduce the administrative burden that legislation placed on small businesses and to examine the general approach of the Health and Safety Executive regarding enforcement of the legislation. It was found that much of the current legislation was considered too voluminous, complicated and fragmented. The review report recommended the removal of 100 sets of regulations and seven pieces of primary legislation as well as the simplification of the 340 requirements for administrative paperwork. A Simplification Plan was consequently implemented by the Health and Safety Executive to reduce the legislative burden on industry.
A follow-up review of health-and-safety legislation was commissioned by the Minister The review sought evidence from government bodies, employers' organisations, employee organisations, professional health-and-safety bodies and academics. The report concluded that:
• self-employed bodies whose activities pose no potential health-and-safety risk to others should be exempted from such legislation • all Approved Codes of Practice be reviewed • the UK government work more closely with the European Union to ensure that health-and-safety legislation is risk and evidence-based • sector-specific legislation be consolidated • the HSE should direct all health-and-safety inspections and enforcement activities in local authorities in order to be consistent and focused on high-risk workplaces • clarification be obtained regarding the protocols of early settlements between parties in cases of civil action initiated against employers by employees and the public • regulatory provisions imposing strict liability on employers be reviewed and aligned with the principle of 'reasonably practicable'.
In his review, Löfstedt (2011) made a general conclusion that is appropriate to South Africa, namely that regulatory requirements in the field of health and safety are misunderstood and applied inappropriately or inconsistently. The recommendations that flowed from the review addressed streamlining the body of regulation through consolidation, re-directing enforcement activities towards workplaces where the highest risk of injury or illhealth exist and re-balancing the civil-justice system through clarification of early settlement protocols and a review of strict liability imposed on employers. 
Regulatory management in European Union countries
The complexity of and room for confusion created by risk assessment at major-hazard installations were the study topic of Ignatowski and Rosenthal (2001 Shaluf (2007) introduces the concept of technological disasters instead of major-hazard installation disasters. This helps to emphasise the industrial, man-made nature of such disasters in order to manage themeffectively. Reference is made to some major industrial disasters in the world, namely Seveso-1978 , Flixborough-1974 , Bhopal-1984 and Piper Alpha-1988 . Shaluf (2007 refers to the following definition of a major accident as used by the International Labour Organisation:
A major accident is an occurrence such as a major emission, fire or explosion resulting from uncontrolled developments in the course of an industrial activity, leading to a serious danger to man, immediate or delayed, inside or outside the establishment and to the environment, and involving one or more dangerous substances. (p. 115) Note that there is no reference to the labour force per se although the inside and outside of the facility establishment are included.
Operators of hazardous installations, in particular those with limited resources and time constraints, often find it difficult to collect the large number of different safetyperformance indicators of their plants in accordance with the approaches developed by member countries in the OECD, as outlined by Mengolini and Debarberis (2008) . They propose that organisations should focus on a culture of safety amongst workers (plant operators and managers) so that major disasters can be prevented. A typical example would be to involve workers in regular focusgroup discussions on safety. Our proposals can form the basis of expanded regulatory measures for major-hazard installations.
Bellamy relationship between work demands and human capacities when considering human and system performance. The aim should be to eliminate or reduce the chance of adverse human behaviour, which can lead to harm through accidents or chronic exposure to conditions adverse to health. This particular aspect relates to the situation prevailing at some major-hazard installations in third-world countries.
Major-hazard installations are needed in every country to provide for its manufacturing, agriculture, transportation and energy needs. These installations store large quantities of hazardous substances and energy in one place such as refineries, petrochemical plants, chemical production plants, storage facilities for liquid petroleum gas and watertreatment plants. Some contemporary technical installations are so complex and so closely meshed that accidents are inherent in their design. Such systems could generate 'normal accidents' (Perrow 1999 
Regulatory management in the United States of America
The United States Environmental Protection Agency (EPA) plays a decisive role in the setting and enforcement of safety standards in the USA. In its historic overview, the USA Environmental Protection Agency (2013) reports that the US President decided in 1970 to establish an independent authoritative regulatory body to enforce environmental policy. He eventually established the US Environmental Protection Agency (EPA) for this purpose. The mission of the EPA was formulated mainly to:
• establish and enforce environmental protection standards and goals • conduct research on the adverse effects of pollution • gather information on pollution for the development of environmental protection programmes • provide for grants and technical assistance to combat environmental pollution.
Campbell (2013) 
Regulatory management in France
France provides us with a clear focus on land-use planning as an important consideration for the regulation of majorhazard installations. Salvi and Gaston (2004) describe the context of hazardous establishments in France as one which entails a very complex decision process based on several criteria which are difficult to evaluate. The only explicit criteria in France are those related to the consequences of accidents that are used to define the safety distances around hazardous establishments. In their code related to the control of hazardous establishments (Code de l'Environement, Livre V, 1976, Art L512), the license to operate such a facility is subordinated to a sufficient distance between the establishment and people in the vicinity. In other words, the regulatory bodies may theoretically not license new • Legislation applies to establishments and installations where a dangerous substance is present in quantities above a certain specified threshold.
•
The nuclear industry is excluded from the legislation.
• EU countries have a clear approach to assisting industry in identifying whether or not the relevant legislation applies to a particular establishment or installation.
• Definition of a major-hazard installation is ambiguous.
• Risk assessment is prescribed as decision-making instrument. However, the assessment methodology leaves room for varying interpretations.
• Classification of major-hazard installations is unclear, non-specific and interpreted differently by role players and authorities in industry.
There is no differentiation between various categories of hazardous installations.
• Legislation can create barriers to trade due to cost impact.
The nuclear industry is excluded from the legislation and is covered under separate legislation.
2: How are major-hazard installations controlled?
• The quantity of dangerous substances dictates the control measures.
• Establishments and installations fall into two groups: lower-tier sites and top-tier sites.
• Lower tier establishments: notify the regulator; prepare a major accident prevention policy; take measures to prevent major accidents; report accidents. • Top tier establishments: As above, but with the additional requirement to submit a safety report.
The regulatory approach is balanced where low-hazard installations are not burdened with disproportionate cost and administration. Highhazard installations are regulated in proportion to their scale of risk.
• Legislation is reviewed often such as the Löfstedt review in UK in 2011.
• Notify the authorities, perform a risk assessment and develop an on-site emergency-response plan.
The requirements beyond risk assessment are limited to emergency-response planning, incident reporting and riskassessment revision.
The same emergency management measures are required across all industries, for all types of hazardous-installation categories, which is onerous for small operators.
3: How is development controlled in the vicinity of major-hazard installations?
• Member states are responsible for implementing policies and procedures for land-use control of new establishments, modification of existing establishments and new developments around Seveso II high-risk establishments.
The requirements are met differently across different member states.
The Seveso II land-use planning directives vary across Europe.
The process is controlled by planning authorities who are advised by technical specialists such as the Health and Safety Executive in the UK. This gives a greater degree of assurance that major hazards are taken into consideration for land-use planning.
• Environmental impact is not explicitly addressed.
• Local authorities have the responsibility to control developments around existing major-hazard installations.
The regulatory process for major-hazard installations are in some cases detached from the land-use planning process and therefore not adequately considered in development planning.
The regulations are ambiguous and therefore poorly enforced.
• Environmental impact as defined in environmental legislation is not addressed in the regulations.
Source: Campbell, D., 2013, 'PetroSA', presentation • Process-safety management and risk-management planning are used as decision-making instruments.
• Legislation is based on threshold quantities of dangerous substances and applies to processes or installations.
The USA has a clear approach to assisting industry in identifying whether or not the relevant legislation applies to them.
• A process-safety management system with 14 steps is required for all hazard installations.
Incorporates process-hazard analysis.
• The Environmental Protection Agency (EPA) requires a risk-management plan. It is passed on to local and state regulators.
The focus is on response rather than the proactive management of development around these installations.
Regulations are weak in this regard. The focus is on prevention and recovery at site rather than on separation through planning control.
• Environmental impact as defined in environmental legislation is not addressed in the regulations. 
Regulatory management in Malaysia
Malaysia provides a good perspective with regard to the foundation on which its regulatory framework is based. Shaluf, Ehmadun and Sharif (2003) investigate the causes of technological (major-hazard installation) disasters in Malaysia in a fireworks factory, a petrochemical plant, a refinery and another mutual major-hazard installation. They conclude that there were seven main causes of the disasters, namely:
• social errors related to operators and managers at the installations • technical errors such as design shortcomings and equipment failure • organisational errors related to wrong procedures and documentation (the authors particularly focus on the link between the social and technical side of the installations through policies, regulations, rules, manuals, training and emergency plans) • operational errors caused by the human and technical interface • warning systems used to alert the management of the facility that dangerous operational conditions are starting to arise • triggering events after which disaster is unavoidable, such as unsafe acts and conditions • defence errors such as a lack of emergency-response measures.
Conclusion
This article provided a concise overview and comparison of the regulatory frameworks for major-hazard installation in EU countries, USA, France, Malaysia and South Africa. Whilst there are marked similarities between EU countries and the USA, albeit with some apparent shortcomings with regard to land-use planning, current legislation in South Africa needs revision in order to bring it on par with those of developed countries. In particular, South-African legislation should be improved in terms of the following aspects:
• The definition of a major-hazard installation is ambiguous with the result that the classification of major-hazard installations is unclear, non-specific and interpreted differently by role players, risk assessors and authorities in the industries.
• Risk assessment is prescribed as a decision-making instrument, but the assessment methodology leaves room for varying interpretations due to the lack of a uniform assessment standard.
• There is no differentiation between various categories of hazardous installations.
• The same emergency management measures are required across all industries, for all types of hazardousinstallation categories, which is onerous for small operators.
• Local authorities have the sole responsibility to control developments around existing major-hazard installations, but there are no clear regulatory guidelines or measures that can legally be enforced to prevent the establishment of vulnerable developments near existing major-hazard installations.
• Apart from risk assessment, the requirements for major-hazard installation planning are limited to onsite emergency-response planning, incident reporting and risk assessment revision. This causes the regulatory process for major-hazard installations to be detached from the land-use planning process and therefore not adequately considered in development planning.
• Vulnerability studies do not form part of majorhazard installation planning at all, and aspects such as community vulnerability, resilience and coping capacity related to the specific installation are not considered at all.
• There is a gap between the Major Hazard Installation
Regulations and the Disaster Management Act.
• Environmental impact as defined in environmental legislation overlaps with the major-hazard installation regulations and creates conflict between the relevant state departments with regard to enforcing mandates.
Further research
The regulation of major-hazard installations in South Africa does not consider vulnerability and sustainability science. There is scope for further research into the impact of majorhazard installations on the vulnerability, coping capacity and human-induced disaster resilience of communities. We are of the opinion that the UK, followed by EU countries, is furthest advanced with regard to the implementation of legislation to regulate major-hazard installations. However, the international comparison of South African safety legislation should be expanded to other industrialised countries such as Australia, Japan, China, Singapore, Mexico and Canada. In addition, lessons learnt from EU countries and others should be researched to identify similarities with the South-African situation.
